The authors have assembled 1960-2012 infrastructure stock data from 145 countries to estimate the demand for infrastructure services in emerging markets and developing economies. This paper identifies that the required resource flows to satisfy new demand while maintaining service for existing infrastructure amounts to $836 billion or 6.1 percent of current gross domestic product per year over the period 2014-20. The annual infrastructure investment gap for emerging markets and developing economies is $452 billion per year, which implies that emerging markets and developing economies should almost double their current spending. The paper also estimates that half of the spending should be allocated to maintenance of existing assets. Acknowledging the challenges to compare infrastructure investment estimates across different methodologies, the authors recognize this result as a lower bound estimate and compare the results with others available in the literature.
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I. Introduction
The links between infrastructure and development are well established, including the impact of infrastructure on poverty alleviation, equality, growth and specific development outcomes such as job creation, market access, health and education. 2 These relationships are complex and dynamic; even with respect to growth and job creation, infrastructure's impacts are felt through multiple channels. 3 The demand for infrastructure is rising with the accelerating pace of globalization and urbanization. Every month in the developing world more than five million people migrate to urban areas. This demand trend is compounded by the growing need for low CO2 and climateresilient investments to combat the challenges of climate change. 4 The developing world suffers from an undersupply of infrastructure, constraining economic growth rates, leaving the world's most vulnerable communities without access to basic services, and hampering attempts to achieve broad-based poverty reduction. Currently, it is estimated that some $700 billion to $800 billion is invested worldwide ($550 billion in emerging markets and developing economies (EMDE)) in infrastructure every year, although data are scarce. 5 In a nutshell, more than 70% of the current infrastructure funds come from the public sector. The second largest source of financing comes from the private sector, roughly 20% of the total funds. The remaining is covered by ODA. 6 A range of estimates on infrastructure financing requirements applying different assumptions and methodologies for achieving various global goals have been estimated over the years. Despite the challenges comparing results across different methodologies, all the latest estimates of the global infrastructure investment requirements indicate that there is a significant gap. This paper reviews the recent global estimates and summarizes the main findings. Using a top-down approach, this paper estimates the global estimates on infrastructure investment requirements to satisfy consumer and producer's demand for infrastructure services, assuming specific economic and demographic growth rates. This paper uses Yepes ' (2008) model addressing some of the limitations of the original model developed by Fay (2000) , and gathers the most recent data on infrastructure stock and macroeconomic variables up to 2012. 7 It is important to address that the purpose of longterm projections is not to forecast the future. Rather, it is to explore how the future infrastructure investment might evolve given a set of economic, social, technical and 3 political assumptions. The estimates from this paper should be considered as complement to the existing estimates in the literature by providing lower bound figures and filling the gap for certain sectors or regions.
II. Definitions and Previous Literature
A range of estimates on infrastructure financing requirements applying different assumptions and methodologies for achieving various goals have been estimated over the years. Terms such as "needs", "demand", and "gap" have been used in the literature interchangeably generating some confusion when comparing results. In order to quantify "needs", normative targets should be established usually assuming an optimal level of infrastructure. Different targets will lead to different estimated needs. "Demand," as used in this paper, refers to the infrastructure investment requirements to satisfy the consumer and producer demand, based on predicted GDP growth and other growth trends. The terms "gap" is used as the difference between the estimated requirements and the actual level of investments.
There are various methodologies used in the literature to estimate infrastructure investment requirements; they can be broadly classified in two categories: "top-down" and "bottom-up" (See Annex I). As the data of macroeconomic variables are relatively more comprehensive compared with the data of individual infrastructure projects, majority of the studies in fact adopt the "top-down" approach to conduct the empirical analysis.
The most recent estimates of annual infrastructure investment requirements for Emerging Markets and Developing Economies (EMDE) are Fay et al (2011) which estimate the annual needs of US$0.9-1.1 trillion with an annual gap of US$100-300 billion by extrapolating estimates from Yepes (2008) using price inflation rate. A recent G24 policy paper, Bhattacharya et al. (2013) , calculates investment annual needs of US$2 trillion and investment gap of US$1 trillion by extrapolating Fay et al (2011) using economic growth rate and price inflation rate. Both studies are extrapolations of previous studies and they do not account for actual changes in infrastructure stock since 2006. 8 McKinsey (2013)'s uses three approaches to estimate infrastructure investment requirements. First, they use the historical spending approach, which assumes that future needs will follow past spending as percentage of GDP. Using this assumption, they project spending to 2030. The main limitation of this approach is that the data are mainly limited to OECD countries and extrapolated for the rest of the world. Secondly, they use the stock of infrastructure approach that estimates its value by using a perpetual inventory model. Unfortunately, they only have data for 12 countries 9 and they use this information to estimate the average value of infrastructure stock (calculated at 70% of GDP). This average value is used to extrapolate results for the rest of the countries until 2030. Thirdly, they use the independent estimates of future needs approach that aggregate the estimates from three different sources: (i) Global Water Intelligence for the water sector; IEA (2011) for the power sector and OECD (2012) for the remaining infrastructure sectors. Based on these three approaches, they estimate that global infrastructure investment requirements for 2013-2030 range from US$57 trillion to US$67 trillion, or about US$3.2 trillion to US$3.7 trillion annually on average.
The OECD (2006) report concluded that global infrastructure investment requirements across the transport (road, rail), telecom, electricity and water sectors would amount to around US$53 trillion over 2010-30, or about US$ 2.7 trillion annually average. Annual investment requirements for these sectors amount to some 2.5% of world GDP, which would rise to 3.5% of GDP; if electricity generation and other energy-related infrastructure investments in oil, gas and coal are included. The methodology used built on existing estimates, and extrapolates those to 2030. For the transport sector, they apply the estimated regional level elasticity (the ratio of paved road capital stock in USD billion to GDP) from Fay and Yepes (2003) 10 The estimations from Sub-Saharan Africa come from Foster and Briceño-Garmendia (2010) that made a significant effort to collect data on infrastructure stock and present a bottom-up approach.
Some of the most recent sectoral estimates come from the International Energy Agency (IEA). IEA indicates that the annual investments in energy supply of $1.6 trillion need to rise steadily over the coming decades towards $2 trillion. Under IEA's expectation, future electricity usage underpins changes in the installed capacity of power generation technologies and in transmission and distribution networks, which assume global electricity demand growth rate of 2.2% per year, projected to future demand. Annual spending on energy efficiency, measured against a 2012 baseline, needs to rise from $130 billion today to more than $550 billion by 2035. OECD presents estimates at sectoral level for transport, telecoms, and water and sanitation.
Comparing the different estimates presented some significant challenges (see Annex II). Recognizing the limitation of comparing results from different methodologies, the table below presents the most recent estimates on infrastructure investment requirements/demand in the literature. 
III. Methodology
This paper uses Fay's (2000) model to estimate infrastructure investment demand and tries to address some of the limitations in the methodology following Yepes (2008) . See Annex III with details of the methodology used. The model estimates the infrastructure investment requirements needed to satisfy consumer and producer demand given an expected growth rate. The model follows a top-down approach and accounts for global, regional and sectoral estimates.
As described in the previous section, most of the methodologies in the literature have significant drawbacks, and Yepes (2008) is not innocuous to those. This methodology does not account for regional or sector specificities and supply constraints.
11 Importantly, the model does not estimate the level of infrastructure that would maximize growth or socio-economic targets, that is to say the model assumes no optimality. The relationship between income level and infrastructure service demand is 11 Data limitations does not allow to address those constraints. After obtaining the annual database, we followed Yepes (2008) by taking five-year averages of all variables for each country, and obtaining a panel that contains the fiveyear average of annual flows (for flow variables) or the average stock held over the five-year period (for stock variables).
The main motivation for this transformation comes from the lack of annual data on infrastructure stock and the fact that infrastructure accumulation is a slow process that happens over long periods of time. Therefore, we are not able to capture the short-term dynamics of the investment process. Instead, Yepes's (2008) model aims to reveal the relationship between income flows and infrastructure stocks at low frequencies. Therefore the model is estimated on a panel with five-year periodicity.
The benchmark GDP growth scenarios are created by extrapolating the 5-year-long regional growth rate to predict future GDP. This approach provides a region-specific scenario that is tailored to forecast. Then, the model applies the average growth rate of 5 years (2010-2015) GDP series, including the forecasted value of year 2014 and 2015, to predict the GDP trend for 2014-2020, which results in an implied annual growth rate for regions GDP projection. where all variables are in natural logs to linearize the model, I j i,t is demand for infrastructure stock of type j in country i at time t; Iji,t-1 is the lagged value of the infrastructure stock; y is income per capita; A is share of agriculture value added in GDP; M is the share of manufacturing value added in GDP; Di is a country fixed effect; Dt is a time dummy; and  is the error term.
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In order to calculate maintenance cost, the report provides estimates based on a topdown approach of using data on infrastructure and parameters for maintenance costs. The maintenance cost is calculated by applying a depreciation rate to the predicted total value of the capital stock.
The unit costs used to value infrastructure were obtained by applying GDP deflator inflation rate to previously estimated unit cost values presenting prices at 2011 level. Unit costs are assumed constant over time. Since more recent data were not available, these numbers were validated by World Bank experts.
For transport, energy and water sectors, a GDP deflator inflation rate is applied to the lasted available price in the literature and they were later validated by World Bank experts. In terms of telecoms sector, the costs have come down significantly in the last decade, mainly due to competition, technological change, market entry by Chinese companies and market volume. However, according to experts in the field, the projected price level is expected to remain constant in the coming decade. 12 Manufacturing rather than industry was used here because industry includes mining, which has very different implications on the demand for infrastructure. 13 This is due to: (i) decline in shipments, due to market saturation, (ii) technological change is now pushing in favor of higher performance networks (eg DSL, fibre, 4G) which will tend to swap out performance for price, (iii) the shake up to the market *Mobile lines unit price is related to the urbanization rate. US$100 for new 3G connection in urban areas and US$ 160 for new 3G connections in rural areas. We take the average of the rural and the urban areas, as the projected urbanization rate is nearly 50% in developing countries. Therefore, US$130 unit price is used all countries except India where the numbers would be closer to US$60 and US$120, respectively with an average of US$90 per connection.
IV. Main Results
The results of the estimated regression are included in Annex V. This study indicates that the developing world will require annual investments about $819 billion (6 percent of GDP in developing countries) through 2020 to satisfy consumer and producer demand for infrastructure services. Of this amount, about 49 percent is required for capital expansion of infrastructure and 51 percent for maintenance of both current and future infrastructure. In addition, high income countries will require about $ 285 billion (0.8 percent of GDP in developed countries) of annual infrastructure investments during the 2014-2020 period.
The table below describes the results for the expected annual investment requirements, including capital expenditure and maintenance cost, by income groups (low income, upper caused by the entry of Chinese manufacturers like Huawei and ZTE won't happen again for a while.
Sector
Cost middle-income and lower middle income), regions, and infrastructure sector (i.e transport, telecom, electricity, and water and sanitation).
As expected, the investment requirements as a share of GDP are the highest in low-income countries (14.1%). This is followed by lower-middle income (3.4%), and upper-middle income (2.6%) countries. The sectors accounting for the greatest share of infrastructure investment requirements is electricity (39%). Transport is the second largest (31%), followed by telecommunications (23%). The Water and sanitation sector only account for 7% of the share. Figure 1 shows the distribution of investment requirements by region. South Asia has the largest annual infrastructure investment requirements of $304 billion (14.9 percent of GDP). The investment requirements in ECA, MENA and SSA range from $47-$60 billion annually.
Figure 1. Total Annual Infrastructure investment requirements, by Region
Source: Authors' estimation Figure 2 shows each sector's total investment requirements, giving an idea of the variation in priorities and requirements between two different investment types (capital expenditure and maintenance cost). Except for the telecommunication sector, the other three sectors have greater percentage in maintenance cost than capital expenditure. 
V. Infrastructure Investment Gap
The infrastructure investment gap is estimated as the difference between the estimated investment requirements and actual spending on infrastructure. The lack of data on infrastructure spending has been long recognized as a serious impediment to deriving reliable gaps estimates (Fay et al., 2011) . There have been many efforts to calculate figures on infrastructure spending but they have had significant drawbacks (See Annex VI with the description of those attempts). The table below describes total spending in infrastructure by applying GDP deflator for inflation to the latest and most reliable regional data. 
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The figure below shows the annual infrastructure investment requirements against actual investments disaggregated over 2014-2020 for the countries included in the sample. Table 2 ).
In order to present figures for all EMDE countries, 14 we extrapolated the results of investment requirements and spending as percentage of GDP for the countries not included in our estimation due to data limitations. 15 We apply the estimated regional investment requirements (as percentage of GDP) to the countries not included in the estimation. Figure 4 illustrates infrastructure investment requirements for EMDE countries and disaggregates the results by region. The infrastructure investment requirements for EMDE countries is $836 billion per year over 2014-2020. The estimated actual spending is $580 billion per year. This estimated gap only includes the following sectors: roads (paved and unpaved), ports, railways, water, sanitation, waste water management, electricity (generation and distribution), telephone and mobile lines.
As presented in the figure below, South Asia has the highest investment gap. The opposite occurs in East Asia and the Pacific as China drives up the average. In that region, investments actually exceed requirements to keep up with economic and 14 The definition of EMDE country list comes from two parts: Emerging market countries come from IMF World Economic Outlook Update: http://www.imf.org/external/pubs/ft/weo/2012/update/02/index.htm, and Developing economies list come from WBG: http://data.worldbank.org/about/country-and-lending-groups. 15 
VI. Main Conclusions
This study presents estimations of investment requirements over 2014-2020 accounting for the most recent changes in stock of infrastructure. The annual infrastructure investment requirements for EMDE countries is $836 billion or 6.1% of current GDP per year over 2014-2020.
The table below shows the investment gap for EMDE excluding China. 16 The annual infrastructure investment gap for EMDE countries is $452 billion over 2014-2020, which implies that EMDE countries should almost double their current spending. The breakdown between capital expenditure and maintenance cost shows that roughly half of the estimated amount should be spent on maintenance.
When results are disaggregated by region, SAR has the biggest gap followed by LAC and EAP (without China). It is important to note that the results are less robust when data are further disaggregated as the quality of data varies significantly across regions.
Our estimates are lower than the most recent extrapolation presented in the literature. While our methodology has some drawbacks, other available estimates have used extrapolation techniques not accounting for infrastructure stock changes in developing countries and are based on a very small sample of countries mainly in the developed world.
The estimation of this study should be used to complement the existing ones and it should be considered as a lower bound of the actual global requirements since, due to data limitations, it does not include the cost of upgrading and rehabilitating existing infrastructure in bad condition (except for roads where the regional percentage of road in bad conditions is available). Moreover, this estimation does not include sectors such as airports, urban transport, energy transmission, and solid waste management that could account for a significant cost.
Expenditures related to GHG mitigation and adaptation to climate change could add some $170-$220 billion per year to the cost of developing country infrastructure.
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The table below compares the estimations of this paper with the latest estimates in the literature. While the methodologies are not strictly comparable, it offers a sensitivity analysis around estimates that are highly constrained by data availability. The methodologies for estimating investment requirements can be classified as "topdown" and "bottom-up."
The "top-down" approach utilizes econometric analysis techniques to quantitatively estimate national infrastructure needs and, by extension, regional need. It involves creating an econometric model that could be used across countries to project physical capacity needs per sector during a determined period (most of the studies are based on Fay and Yepes (2003)). After the projections of the physical capacities were derived, standard unit costs based on international "best practice" norms were applied to estimate the investment requirements for new capacity. In addition, it projected the investments required to maintain or replace the existing stock is included.
Within the "top-down" approach, there are two econometric technics are used to estimate requirements. (1) (2) Computable General Equilibrium (CGE) models are commonly used tools for quantifying the costs and benefits of policy. One group of CGE model applications were practically implemented with the focus of modeling the joint production of the goals at the country level for MDG costing estimates (Reddy and Heuty, 2005, 2006) . For instance, the World Bank's MAMS model provides a general equilibrium framework for countries to simulate the effect of improvements in one MDG on progress in others (Bourguignon et al., 2008) .
The "bottom-up" approach reviews infrastructure investment demand at the project level, specifically for regional or cross-border projects. The "bottom-up" methodology is a conservative approach that identifies individual infrastructure projects and estimate costs of their implementation. The compiled project information is then used to obtain the total infrastructure service demand by region, by sub-regional program, and by sector.
Annex II Challenges to compare estimates 19
The United Nations (2012)'s report points out to the main challenges to compare estimates across different methodologies: Data issues: Data in infrastructure are very limited not only for stock of capital but also for quality, making the analysis more challenging. Data are in many cases not standardized across countries, making international comparison very difficult.
Varying scope: The definition of infrastructure and of the sectors varies and there is not a well-accepted definition. For example in the energy sector, some models focus on electricity production, others on broader definitions of the energy system. The types of technologies considered differ and therefore their costs. Choice of the baseline: Estimating additional investment requirements under any scenario requires the choice of a baseline. This choice has a critical importance on the "needs" or requirements that will be estimated. There is no a clear agreement on the BAU assumptions.
Choice of goals and targets: Modelers producing estimates of costs or investment requirements usually do not choose exactly the goals or same targets in their scenarios. Inconsistency: Cost estimates obtained from different models generally cannot be added. Methods used differ in the sectors included (usually due to data availability), in the assumptions used, as well as, in the degree of detail to which specific policies are modeled. This can affect estimated needs several-fold.
Non-additivity:
The cost or implied investment requirement of reaching a set of goals is not equal to the sum of the costs of reaching the goals separately. Moreover, targets may not be compatible to each other..
Differing time scales:
A last caveat to keep in mind when comparing estimates is the differing time scale of various goals and targets. Access to a particular target could be reached in a decade while changing the technology used could take decades.
Annex III Methodology to estimate Investment Needs
This paper uses Fay and Yepes (2003) ' model and tries to address some limitations in the methodology. The model presented in Fay and Yepes (2003) estimates future demand for infrastructure, where infrastructure services are demanded both as consumption goods by individuals and as inputs into the production process by firms. On the consumption side, the amount of services demanded is a function of income and prices:
Demand for a particular type of infrastructure service I by individual j is a function of j's income, Yj, and the price of infrastructure service I, qI. Aggregating over the population, national per capita demand of infrastructure service for consumption, I c , will then be given as:
( 2) where Y/P is income per capita.
On the production side, the demand of each individual firm for infrastructure service i will be based on a profit maximization decision, which yields the usual first order condition:
where Yi is output of good i by the firm, and wi is the price of that good.
To go any further, a specific functional form for the production function needs to be adopted. Assuming a Cobb-Douglas production function, the paper can rewrite the first order condition as:
where K is physical capital (excluding infrastructure), L is labor or human capital, and I is the flow of infrastructure services consumed by the individual firm in the production of good i. Solving for Ii yields the derived demand for infrastructure services of firm i:
Aggregating over all firms yields the following:
The derived demand for any given infrastructure service I p is the sum of the weighted demand of individual firms. However, the usefulness of equation 6 is limited because there is no firmlevel data. A reasonable proxy for firms' aggregate demand for infrastructure is given by aggregate output. However, it is unlikely that the elasticity of demand for a particular infrastructure service, , is the same across all sectors of the economy. Thus the weight attributable to the demand of a given firm depends on the sectoral composition of the economy. Also, as technology changes,  may change. Finally, the weighted average of the relative price wi/qI can be proxied by the real price of the infrastructure good-qI/w, where w is the price level. The reduced form of equation 6 is then given as: (7) where Y is aggregate output, YAG and YIND are the share of GDP derived from agriculture and industry, and A is a term representing technology level. Combining equations 2 and 7, and expressing infrastructure demand in per capita terms, yields the following equation for overall production and consumption demand for infrastructure services:
Estimating infrastructure demand empirically
To estimate the flow of services from the endowment of physical infrastructure, data on stocks of infrastructure is used, assuming that services are proportional to the physical stock (though intensity of use may vary). Therefore, equation (8) can easily be understood as demand for physical stocks of infrastructure.
Lacking measures of technological change or actual real prices of infrastructure services, time dummies and country fixed effects are used as a proxy. The country fixed effect allows each country to have a different intercept that, combined with the time dummy, allows to capture (albeit roughly) the price variable.
The purpose of this paper is not to establish a causal relationship between infrastructure stocks and various economic variables. Instead, the objective is to use this regression for projection, and therefore we needed to obtain the best fit possible and the highest explanatory power. Thus, since infrastructure stocks tend to change reasonably slowly over time and have a long life span, we include lagged value of the dependent variable in the regression in order to increase explanatory power. where all variables are in natural logs to linearize the model, I j i,t is demand for infrastructure stock of type j in country i at time t; I j i,t-1 is the lagged value of the infrastructure stock; y is income per capita; A is share of agriculture value added in GDP; M is the share of manufacturing value added in GDP; Di is a country fixed effect; Dt is a time dummy; and  is the error term.
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Most infrastructure goods are provided through networks so that the price of the service is often reduced with higher population density. Urbanization, in particular, allows easier and cheaper access to electricity and telephone service. Average costs of water and sanitation actually tend to be higher in urban areas, but this is because the standard service offered there is typically much higher. However, access is always much higher in cities, partly because of the higher income of the population and partly because of public health considerations that make piped water and reasonably sophisticated sanitation services necessary. In the case of roads, kilometers per capita tend to decrease with higher population density. Therefore, equation (9) also includes urbanization and population density to capture the density effect and its impact on demand (both direct and through price).
Using ordinary least squares regression with fixed effects, both the basic model described by equation (9) and an extended model that included density and urbanization was run on all five infrastructure variables.
Country fixed effects proxy for differences in technology and price across nations. Their use also allows us to obtain consistent parameter estimates. Canning (1998) shows that per capita infrastructure levels are nonstationary, which implies that running the regressions in levels may produce misleading results unless the variables used in the regressions are cointegrated. Unfortunately, cointegration would not yield an easy system with which to make predictions, leaving us with two possible solutions. One is to run the regressions on first differences, which Canning shows to be stationary. This would reduce our sample size considerably since we only have up to eight time-series observations, and the series are often incomplete. The second possibility-which we use-is to include fixed effects. Kao (1997) shows that in this case the estimates of parameters are consistent even if the estimated relationship is not cointegrating.
In this paper, the author use the updated Yepes(2008)'s refined methodology and take into cosideration of the infrastrucure qaunlity. For example in transport sector, the maintenance component is obtained by applying a depreciation rate to the predicted total value of the stock in kilometers. This is the same method used in Fay and Yepes (2003) . Here, however, the depreciation comes from a stylized model of a maintenance and rehabilitation program. Though a maintenance program is a complex dynamic process associated with level of traffic, geography, and other factors, we rely on fixed initial parameters and an assumption of equal 20 Manufacturing rather than industry was used here because industry includes mining, which has very different implications on the demand for infrastructure. 
